Structural insights into chloride and proton-mediated gating of CLC chloride channels.
CLC Cl(-) channels fulfill numerous physiological functions as demonstrated by their involvement in several human genetic diseases. They have an unusual homodimeric architecture in which each subunit forms an individual pore whose open probability is regulated by various physicochemical factors, including voltage, Cl(-) concentration, and pH. The voltage dependence of Torpedo channel CLC-0 is derived probably indirectly from the translocation of a Cl(-) ion through the pore during the opening step. Recent structure determinations of bacterial CLC homologues marked a breakthrough for the structure-function analysis of CLC channels. The structures revealed a complex fold with 18 alpha-helices and two Cl(-) ions per subunit bound in the center of the protein. The side chain of a highly conserved glutamate residue that resides in the putative permeation pathway appears to be a major component of the channel gate. First studies have begun to exploit the bacterial structures as guides for a rational structure-function analysis. These studies confirm that the overall structure seems to be conserved from bacteria to humans. A full understanding of the mechanisms of gating of eukaryotic CLC channels is, however, still lacking.